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Description

Field of the Invention

[0001] The present disclosure relates to a compressor,
which uses pistons driven in a reciprocating motion by
electric motors to generate hydraulic power.

Background of the Invention

[0002] Compressors consist of bent axis type com-
pressors and swash plate type compressors depending
on how the rotating force of a driving shaft is converted
to the reciprocating motion of a piston. The bent axis type
compressors are configured such that a central axis of
the piston is inclined with respect to the centerline of the
driving shaft. This is so that as the driving shaft rotates,
the piston coupled to the end of the driving shaft recip-
rocates. The swash plate type compressors are config-
ured such that the central axis of the piston is coaxially
aligned with the centerline of the driving shaft. This is so
that as the driving shaft rotates, the pistons coupled to a
swash plate are in contact with the swash plate to thereby
reciprocate. The advantage of the bent axis type com-
pressor is that the capacity can be easily increased by
increasing an inclined angle of the piston, whereas the
disadvantage is that the size is large since the piston is
located within a cylinder block of the inclined driving shaft.
On the contrary, the swash plate type compressor has
the advantage of being compact in size.
[0003] Generally, as the pressure of operation fluid in
a compressor increases, the operation condition be-
tween parts, which are moved relative to each other, de-
teriorates. Representative examples are an axial unbal-
ance of force, a sharp variation in pressure in a trapping
region, and a wear of the cylinder block and pistons.
[0004] FIG. 1 is a conceptual view explaining the pres-
sure applied to a valve plate and a cylinder block accord-
ing to the prior art. Referring to FIG. 1, the bent axis type
compressor includes a valve plate 10, a cylinder block
20 arranged in a line with respect to the valve plate 10,
and a piston 30 located in a cylinder bore 21 of the cyl-
inder block 20. The cylinder block 20 is relatively rotatable
to the valve plate 10. The valve plate 10 includes: inlet
and outlet ports 12 and 11 arranged on the left and right
sides of an extension line between top and bottom dead
centers; an inner seal land 15 disposed inside the inlet
and outlet ports 12 and 11; and an outer seal land 16
disposed outside the inlet and outlet ports 12 and 11.
The valve plate 10 has a trapping region for switching
between intake and discharge at the respective top and
bottom dead centers. Two types of axial force act on the
valve plate 10 and the cylinder block 20. A pressing force
(Fp) of one type is generated so as to force the cylinder
block 20 towards the valve plate 10 due to the piston,
which moves from the bottom deal point to the top dead
center. A separative force (Fse) of the other type is gen-
erated due to an oil film applied on the inner and outer

seal lands 15 and 16 of the valve plate 10 sliding. If the
pressing force (Fp) is greater than the separative force
(Fse) when the compressor operates, then the valve plate
10 and the cylinder block 20 may be in contact with each
other, thereby causing abrasion. As a result, a torque
loss is generated on the compressor. Also, if the separ-
ative force (Fse) is greater than the pressing force (Fp),
then the valve plate 10 and the cylinder block 20 may be
separated away, thus causing working fluids to leak.
Thus, the operation efficiency of the compressor is de-
graded. While actively performing many researches on
the reduction in torque loss and fluid leakage, it has been
realized that there is a strong need for the development
of a novel combination of the valve plate and the cylinder
block.
[0005] When the piston 30 is positioned at the trapping
region while moving from the outlet port 11 to the inlet
port 12, if the piston 30 proceeds with its compression,
then the internal pressure of the cylinder bore 21 increas-
es rapidly. Further, when the piston 30 is positioned at
the trapping region while moving from the inlet port 12 to
the outlet port 11, if the piston 30 proceeds with its ex-
pansion, then the internal pressure of the cylinder bore
21 decreases rapidly. That is, a rapid pressure variation
is generated before and after the trapping region. To pre-
vent such a pressure variation, as shown in FIG. 1, the
outlet port 11 is provided with a notch 13 near the top
dead center and the inlet port 12 is provided with a notch
14 near the bottom dead center. However, in case of a
micro compressor, there are problems since it is not easy
to machine the notches 13 and 14 in the valve plate 10,
and the machining costs greatly increase.
[0006] FIG. 2 is a cross-sectional view showing a pis-
ton according to the prior art. Referring to FIG. 2, the
compressor includes a piston 50 located within the cyl-
inder block 40 and a swash plate 60. The piston 50 has
a body 51 and a shoe 52. The body 51 and the shoe 52
are coupled with a spherical joint. The body 51 is an elon-
gate cylinder that reciprocates in a cylinder bore 41 of a
cylinder block 40. The shoe 52 is smoothly rotatable rel-
ative to the body 51. As the cylinder block 40 rotates, it
moves along the swash plate 60. To increase the amount
of intake and discharge of the compressor, the recipro-
cating distance (i.e., stroke) of the piston 50 should be
increased. The stroke of the piston 50 can be increased
by increasing a tilt angle of the swash plate 60. However,
in such a case, an angle between the shoe 52 and the
body 51 also increases. Thus, the piston 50 is in contact
with the cylinder bore 41 at points a and b, which are
shown in FIG. 2, thereby causing a lateral force. As a
result, the cylinder block 40 and the piston 50 become
worn out. That is, it is difficult to miniaturize the compres-
sor while maintaining its performance and capacity.
[0007] From document EP 0 974 753 A2, an axial pis-
ton pump is known which comprises a cylinder block
which rotates around a central axis and which accom-
modates a plurality of pistons reciprocating in piston
chambers formed in the cylinder block. The reciprocating
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of the pistons is effected by a cam element on which slide
shoes of the pistons are sliding. A front face of the rotating
cylinder block is sliding on an inner face of a valving el-
ement which has a suction port and a discharge port.
Depending on the position of the respective piston cham-
ber and the respective moving direction of the piston,
fluid is sucked through the suction port or discharged via
the discharge port.
[0008] Further, an axial piston pump is known from
document FR 1 394 415.

Summary of the Invention

[0009] According to various aspects, embodiments of
a compressor are provided. The compressor includes: a
housing; a valve plate; a cylinder block; a plurality of pis-
ton unit; a cam element; a driving shaft; and a motor. The
valve plate is fixed to one end of the housing. The cylinder
block is rotatable relative to the valve plate and has a
plurality of cylinder bores disposed in a circumferential
direction. A portion of the cylinder block is received in the
valve plate. The piston units are disposed within the plu-
rality of cylinder bores. The cam element is fixed to the
housing and is in contact with one end of the piston unit.
The cam element has an inclined cam surface. The driv-
ing shaft is coupled to the cylinder block at one end there-
of. The motor is fixed to an opposite end of the housing.
A rotating shaft of the motor is coupled to an opposite
end of the driving shaft.
[0010] The valve plate may includes an inlet port; an
outlet port; and a plurality of through holes. The inlet and
outlet ports communicate with the outside. The through
hole is formed in an inner surface along a lengthwise
direction of the valve plate and communicates with the
inlet and outlet ports. The cylinder block includes a plu-
rality of rows of slot communicating with the plurality of
cylinder bores.
[0011] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used to determine the scope of the claimed subject
matter.

Brief Description of the Drawings

[0012] Arrangements may be described in detail with
reference to the following drawings in which like refer-
ence numerals refer to like elements and wherein:

FIG. 1 is a conceptual view for explaining the pres-
sure applied to a valve plate and a cylinder
block according to the prior art;

FIG. 2 is a cross-sectional view showing a piston ac-
cording to the prior art.

FIG. 3 is an exploded perspective view showing a
compressor according to an example which
is useful for understanding the invention;

FIG. 4 is a longitudinally-sectional view taken along
line 4-4’ of FIG. 3 showing the assembly of
the compressor;

FIG. 5 is a perspective view and a sectional perspec-
tive view showing the valve plate of FIG. 3;

FIG. 6 is a cross-sectional view plate taken along
line 6-6’ of FIG. 4 showing the valve;

FIG. 7 is a perspective view and a sectional perspec-
tive view showing the cylinder block of FIG. 3;

FIG. 8 is an exploded perspective view showing a
piston unit of FIG. 3;

FIG. 9 is a perspective view showing a cam element
of FIG. 3;

FIG. 10 is a longitudinally-sectional view taken along
the line 10-10’ FIG. 9 showing the cam ele-
ment;

FIG. 11 is a graphical diagram showing a displace-
ment curve of the cam element of FIG. 3;

FIG. 12 is an exploded perspective view showing a
compressor according to an embodiment of
the present invention;

FIG. 13 is a longitudinally-sectional view taken along
line 13-13’ of FIG. 12 showing the assembly
of the compressor;

FIG. 14 is a longitudinally-sectional view taken along
line 14-14’ of FIG. 12 showing the assembly
of the compressor;

FIG. 15 is a perspective view and a sectional perspec-
tive view showing a valve plate of FIG. 12; and

FIG. 16 is a perspective view and a sectional perspec-
tive view showing a cylinder block of FIG. 12.

Details of the Invention

[0013] A detailed description may be provided with ref-
erence to the accompanying drawings. One of ordinary
skill in the art may realize that the following description
is illustrative only and is not in any way limiting. Other
illustrative embodiments may readily suggest them-
selves to such skilled persons having the benefit of this
disclosure.
[0014] FIG. 3 is an exploded perspective view showing
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a compressor according to an example which is useful
for understanding the invention. FIG. 4 is a longitudinally-
sectional view taken along line 4-4’ of FIG. 3 showing the
assembly of the compressor.
[0015] Referring to FIGS. 3 and 4, the compressor 100
according to an example includes a housing 110, a valve
plate 120, a cylinder block 130, a piston unit 140, a cam
element 150, a driving shaft 160 and a motor 170.
[0016] The housing 110 is generally shaped like a hol-
low cylinder that forms a contour of the compressor 100.
To opposite ends of the housing, the valve plate 120 and
the motor 170 are respectively connected. The cam el-
ement 150 is fixed inside the housing 110 at the longitu-
dinally-middle portion of the housing 110. The valve plate
120, the cam element 150, the motor 170 and the like
are fastened to the housing 110 by means of a fastener
such as a screw or rivet.
[0017] FIG. 5 shows the valve plate in a perspective
view and a sectional perspective view. FIG. 6 is a longi-
tudinal cross-sectional view showing the valve plate tak-
en along line 6-6’ of FIG. 4.
[0018] Referring to FIG. 5, the valve plate 120 is gen-
erally shaped like a hollow cylinder having a closed end
and an open end. Specifically, the closed end of the valve
plate 120 is provided with an inlet port 121 and an +outlet
port 122, which communicate with the outside (see FIG.
3). The inlet and outlet ports 121, 122 are aligned along
line 4-4’ of FIG. 3. The inlet port 121 is a passage through
which a working fluid is sucked, while the outlet port 122
is a passage through which the working fluid is dis-
charged out in a compressed state. Couplers 121a, 122a
are coupled to the inlet and outlet ports 121, 122 to con-
nect the pipes through which the working fluid flows. In
this example, the construction of the inlet and outlet ports
121, 122 is obtained, provided that the driving shaft 160
rotates in a counterclockwise direction. This is so that if
the rotating direction of the driving shaft is clockwise,
then the inlet and outlet ports may be configured oppo-
sitely.
[0019] As shown in FIG. 5, slots are formed on an inner
surface of the valve plate 120 along a circumferential
direction so as to communicate with the inlet and outlet
ports 121, 122. The slots consist of a first slot 123 formed
in the side of the inlet port 121 and a second slot 124
formed in the side of the outlet port 122. Further, first and
second trapping regions 125, 126 are provided in the
side of the circumference of the valve plate at positions
near the adjacent ends of the first and second slots, i.e.,
at upper and lower circumferential points along the line
that divides a cross-section of the valve plate into two
halves side of the inlet ports 121 and the outlet port 122.
The first slot 123 is provided with a first through-hole
123a, which communicates with the inlet port 121 via a
first communication path 121b. The second slot 124 is
provided with a second through-hole 124a, which com-
municates with the outlet port 122 via a second commu-
nication path 122b. The first trapping region 125 is a turn-
ing point from which a discharge stroke performed

through the outlet port 122 is turned to an intake stroke
performed through the inlet port 121. Conversely, the
second trapping region 126 is a turning point from which
the intake stroke through the inlet port 121 is turned to
the discharge stroke through the outlet port 122. In this
example, the construction of the first and second trapping
regions 125, 126 is obtained, provided that the driving
shaft 160 rotates in a counterclockwise direction. This is
so that if the rotating direction of the driving shaft 160 is
clockwise, then the first and second trapping regions may
be configured oppositely.
[0020] FIG. 6 is a cross-sectional view showing the
valve plate taken along line 6-6’ of FIG. 4. Referring to
FIG. 6, the first and second slots 123, 124 are each
formed with a kidney slot in which the depth thereof grad-
ually varies from the first and second trapping regions
125, 126. The term ’kidney slot’ is used since the sec-
tional shape of the slot is similar to the shape of the kid-
ney. The depth of the first and second slots 123, 124
gradually increases from the first and second trapping
regions 125, 126. Thus, it prevents the intake stroke and
the discharge stroke from starting and finishing rapidly
before and after the first and second trapping regions
125, 126. That is, the kidney slot can reduce a rapid pres-
sure variation in the trapping regions.
[0021] Referring back to FIG. 3, a seal ring 120a is
mounted around the valve plate 120 to prevent leakage
of a working fluid. Further, a bearing 120b is mounted
inside the valve plate 120 so as to rotatably support the
cylinder block 130. Here, an outer race of the bearing
120b is fitted inside of the valve plate 120. In this example,
the bearing 120b may employ a ball bearing, a roller bear-
ing or the like, although the types of bearings are not
limited thereto.
[0022] FIG. 7 shows the cylinder block in a perspective
view and a sectional perspective view. A portion of the
cylinder block 130 is received in the valve plate 120. The
cylinder block is rotatable relative to the valve plate 120.
Referring to FIG. 7, the cylinder block 130 is generally
shaped like a cylinder and comprises first to third sections
whose outer diameters are different from each other. The
first section 130a of the cylinder block 130 is fitted into
an inner race of the bearing 120b. The second section
130b of the cylinder block 130 is received in the valve
plate 120 and an outer diameter thereof is formed to cor-
respond to an inner diameter of the valve plate 120. Fur-
ther, the second section 130b is provided with through
holes that correspond to the cylinder bore to be described
later. The third section 130c of the cylinder block 130 is
provided with a central axial hole 131 into which the driv-
ing shaft 160 is coupled. A plurality of cylinder bores 132,
133, 134, and 135 is circumferentially formed around the
central axial hole 131 to receive the piston unit 140 there-
in. The sectional shape of the axial hole 131 corresponds
to that of one end 161 of the driving shaft 160, i.e., a
partially facetted shape. While the cylinder block 130 was
shown to have four cylinder bores 132 to 135, at least
one cylinder bore may be enough. Moreover, in the first
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embodiment, the cylinder block 130 may have an odd
number or even number of cylinder bores. The second
section 130b of the cylinder block 130 has through holes
132b, 133b, 134b, and 135b, which communicate with
the respective cylinder bores 132 to 135 via the respec-
tive communication passages 132a, 133a, 134a, and
135a. The through holes 132b, 133b, 134b, and 135b
are circumferentially arranged in the circumferential sur-
face of the second section 130b of the cylinder block 130.
The positions of the through holes 132b, 133b, 134b, and
135b, which are located on the second section 130b of
the cylinder block 130 in a lengthwise direction, corre-
spond to those of the first and second slots 123, 124.
[0023] FIG. 8 is an exploded perspective view showing
the piston unit. The piston unit 140 is inserted within the
cylinder bores 132 to 135 to reciprocate. Thus, the
number of piston units is the same as the number of cyl-
inder bores. Referring to FIG. 8, the piston unit 140 in-
cludes a body 141, a socket 142 formed on an end of the
body 141, a ball 143 fitted into the socket 142, and a
spring member 144 fitted around the body 141. The body
is an elongated cylinder. To reduce the weight of the com-
pressor, the body may be partially formed into a hollow
form. The socket 142 has an inner space for receiving
the ball 143, and further has an outer diameter larger
than the body 141. The ball 143 rolls in the socket 142.
The spring member 144 is arranged between the third
section 130c of the cylinder block 130 and the socket 142
when the piston unit 140 is disposed within the cylinder
block 130. Thus, the spring member 144 is compressed
and has a compression force as the piston unit 140
moves from a bottom dead center to a top dead center
of the cam element 150. Further, the spring member 144
forces the piston unit 140 to be automatically returned
when the piston unit 140 moves from the top dead center
to the bottom dead center of the cam element 150.
[0024] FIG. 9 is a perspective view showing the cam
element. FIG. 10 is a longitudinally-sectional view taken
along line 10-10’ of FIG. 9 showing the cam element.
FIG. 11 is a graphical diagram showing a displacement
curve of the cam element.
[0025] The cam element 150 is fixed to the housing
110 so as to be in contact with one end of the piston unit
140 and has an inclined cam surface. Referring to FIG.
9, the cam surface of the cam element 150 has a bottom
dead center 151 that is a lowest portion of the cam sur-
face, a top dead center 152 that is a highest portion of
the cam surface, a rising section 153 extending from the
bottom dead center 151 towards the top dead center 152,
and a descending section 154 extending from the top
dead center 152 towards the bottom dead center 151.
Referring to FIG. 10, a distance d (stroke) from the bottom
dead center 151 to the top dead center 152 corresponds
to a distance that the piston unit 140 reciprocates. The
rising section 153 and the descending section 154 may
have the same gradient. In this example, the construction
of the rising section 153 and the descending section 154
is obtained, provided that the driving shaft 160 rotates in

a counterclockwise direction. This is so that if the rotating
direction of the driving shaft 160 is clockwise, then the
ascending section and the descending section may be
configured oppositely. In this example, the cam element
150 may further have stop portions 151a, 152a (i.e.,
dwell) formed on the bottom and top dead centers 151,
152. When the through holes 132b to 135b arrive at the
first trapping region 125 or the second trapping region
126, the piston unit 140 is located at the stop portion 151
a or 152a of the bottom dead center 151 or the top dead
center 152. Thus, it prevents the piston unit 140 from
continuously performing a compressing stroke or an ex-
pansion stroke. As a result, a rapid pressure variation
occurring before and after the first and second trapping
regions 125, 126 can be reduced.
[0026] Referring again to FIG. 3, a seal ring 150a is
mounted around the cam element 150 to prevent leakage
of the working fluid. The planar shape of the cam element
150 is generally shaped like a doughnut. A bearing 150
b is mounted in the cam element 150 to rotatably support
the driving shaft 160. An outer race of the bearing 150b
is fitted inside of the cam element 150, while the driving
shaft 160 is fitted into the inner race of the bearing 150b.
In this example, the bearing 150b may employ a ball bear-
ing, roller bearing or the like, although the types of bear-
ings are not limited thereto.
[0027] As shown in FIG. 11, the piston unit 140 has a
cycle of stop-rising-stop-descending-stop, while it per-
forms a revolution along the cam element 150. First and
fifth sections I and V show the displacement of the piston
unit 140 when the piston unit 140 is located at the stop
portion 151 a of the bottom dead center 151. A second
section II shows the displacement of the piston unit 140
when the piston unit 140 moves along the rising section
153 extending from the bottom dead center 151 towards
the top dead center 152. A third section III shows the
displacement of the piston unit 140 when the piston unit
140 is located at the top dead center 152. Further, a fourth
section IV shows the displacement of the piston unit 140
when the piston unit 140 moves along the descending
section 154 extending from the top dead center 152 to-
wards the bottom dead center 151. The cam element 150
is shown in FIGS. 9 to 11 so that the stop portions 151a,
152a are definitely depicted. However, it will be apparent
to those skilled in the art that regions between the stop
portion 151a and the rising section 153, between the ris-
ing section 153 and the stop portion 152a, between the
stop portion 152a and the descending section 154, and
between the descending section 154 and the stop portion
152a should have a smooth curved surface to achieve a
smooth relative motion between the piston unit 140 and
the cam element 150.
[0028] The driving shaft 160 is coupled to the axial hole
131 in the cylinder block 130 at one end 161 thereof and
to the rotating shaft 171 of the motor 170 at an opposite
end 162 thereof. The driving shaft 160 is mounted
through the cam element 150 and rotates relative to the
cam element 150 via the bearing 150b. The motor 170
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is fixed to an opposite end of the housing 110. In another
example, the motor 170 may be detachably mounted to
the opposite end of the housing 110 through a connection
member 182. In such a case, the opposite end 162 of
the driving shaft 160 is coupled to the rotating shaft 171
of the motor 170 through a coupling 181. The ends
161,162 of the driving shaft 160 and the rotating shaft
171 of the motor 170 have a partially facetted surface to
reliably transmit a rotary drive force. The central axial
hole 131 in the cylinder block 130 and the axial hole 181a
of the coupling 181 are formed to correspond to the sec-
tional shape of the ends 161 and 162 of the driving shaft
160 and the rotating shaft 171 of the motor 170.
[0029] Hereinafter, the operation of the compressor
100 according to the example will be described. Here,
the description will be made, provided that the driving
shaft 160 rotates in a counterclockwise direction. This is
so that if the rotating direction of the driving shaft 160 is
clockwise, then the operation should be understood to
be carried out oppositely.
[0030] When the rotating shaft 171 of the motor 170
rotates, the driving shaft 160 coupled to the rotating shaft
171 rotates in the same direction as the rotating direction
of the rotating shaft 171. Further, the driving shaft 160
rotates relative to the cam element 150 by means of the
bearing 150b and rotates together with the cylinder block
130. As described above, the cylinder block 130 is rotat-
ably supported by the bearing 120b and rotates relative
to the valve plate 120. As the cylinder block 130 rotates,
a plurality of the piston units 140 disposed within the cyl-
inder bores 132 to 135 rotate along the cam surface of
the cam element 150.
[0031] When the piston unit 140 moves along the rising
section 153 from the stop portion 151a of the bottom dead
center 151, the piston unit 140 moves away (e.g., in a
forward direction) from the cam element 150 to carry out
a compression stroke and a discharge stroke. If the piston
unit 140 moves forwards, the working fluid in the cylinder
bores 132 to 135 is compressed, the compressed work-
ing fluid is discharged towards the outlet port 122 through
the through-hole 124a and the communication path 122b
when the through holes 132b, 133b, 134b, and 135b are
located at the second slot 124. Further, in this process,
the spring member 144 is compressed and has a com-
pression force. When the piston unit 140 arrives at the
stop portion 152a of the top dead center 152, the piston
unit 140 stop performing the compression stroke and the
discharge stroke.
[0032] On the contrary, when the piston unit 140 moves
along the descending section 154 from the stop portion
152a of the top dead center 152, the piston unit 140
moves toward the cam element 150 (e.g., in a backward
direction) to carry out an intake stroke. When the piston
unit 140 moves backwards, the working fluid is sucked
from the inlet port 121 into the cylinder bores 132 to 135
through the communication path 121b and the first
through-hole 123a when the through holes 132b, 133b,
134b, and 135b are located at the first slot 123. In this

process, the spring member 144 offers the compression
force accumulated during the compression stroke to the
piston unit 140 so as to assist the movement of the piston
unit 140 backwards. When the piston unit 140 arrives at
the stop portion 151a of the bottom dead center 151, the
piston unit 140 stops carrying out an intake stroke.
[0033] FIG. 12 is an exploded perspective view show-
ing a compressor according to the embodiment of the
present invention. FIG. 13 is a longitudinally-sectional
view taken along line 13-13’ of FIG. 12 showing the as-
sembly of the compressor. FIG. 14 is a longitudinally-
sectional view taken along line 14-14’ of FIG. 12 showing
the assembly of the compressor.
[0034] Referring to FIGS. 12 to 14, the compressor 200
according to the embodiment of the present invention
includes a housing 210, a valve plate 220, a cylinder block
230, a piston unit 240, a cam element 250, a driving shaft
260 and a motor 270.
[0035] The compressor 200 according to the embodi-
ment has a similar construction to the compressor 100
according to the example. As such, description will be
made in conjunction with different construction while
omitting the description on the overlapping construction.
For example, the housing 210, the piston unit 240, the
cam element 250, the driving shaft 260 and the motor
270 in the embodiment correspond to the housing 110,
the piston unit 140, the cam element 150, the driving
shaft 160 and the motor 170 in the example. However,
these elements have the same or similar functions, al-
though they may not be limited to the above-mentioned
shape and structure and may be modified within the ac-
cepted scope.
[0036] FIG. 15 shows the valve plate in a perspective
view and a sectional perspective view. Referring to FIGS.
12 and 15, the valve plate 220 is provided with an inlet
port 221 and an outlet port 222, which communicate with
the outside. The valve plate 220 is provided in an inner
surface with a plurality of through-holes 221 a and 221b,
222a and 222b, which are formed in a lengthwise direc-
tion of the valve plate 220 such that they communicate
with the inlet and outlet ports 221, 222 of the valve plate
220, respectively. Two through-holes 221a, 221b are
formed through the side of the inlet port 221, while two
through-holes 222a, 222b are formed through the side
of the outlet port 222. The number of through-holes is
determined by the number of piston units 240.
[0037] FIG. 16 shows the cylinder block in a perspec-
tive view and a sectional perspective view. Similar to the
cylinder block 130 of the example, the cylinder block 230
of the second embodiment is generally shaped like a cyl-
inder and comprises first to third sections whose outer
diameters are different from each other. The first section
230a in the cylinder block 230 is fitted into an inner race
of a bearing 220a. The second section 230b in the cyl-
inder block 230 is received in the valve plate 220 and an
outer diameter thereof is formed to correspond to an inner
diameter of the valve plate 220. Further, the second sec-
tion 230b is provided on an outer circumferential surface
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thereof with rows of slots to communicate with a plurality
of cylinder bores 232. The third section 230c in the cyl-
inder block 230 is provided with a central axial hole 231
into which the driving shaft 260 is coupled. The plurality
of cylinder bores 232 is circumferentially formed around
the central axial hole 131 to receive the piston unit 240
therein. The sectional shape of the axial hole 231 corre-
sponds to that of the driving shaft 260, i.e., a partially
facetted shape. While the cylinder block 230 was shown
to have four cylinder bores 232, the cylinder block may
have two or more even number cylinder bores.
[0038] In this embodiment, the rows of slots include a
first row slot 233 and a second row slot 234. The first row
slot 233 includes a first slot 233a, a second slot 233b,
and first and second trapping regions 233c, 233d be-
tween the first slot 233a and the second slot 233b. The
first and second slots 233a, 233b are respectively pro-
vided with through holes 233e, 233f, which communicate
with the cylinder bore 232. The through holes 233e, 233f
are formed substantially in the middle of the first and sec-
ond slots 233a, 233b. The first and second slots 233a,
233b are symmetric with each other about the first and
second trapping regions 233c, 233d, and have a shape
that is recessed inwards from the outer circumferential
surface of the second section 230b in the cylinder block
230. The first and second trapping regions 233c, 233d
correspond to a turning point between an intake stroke
and a discharge stroke.
[0039] The second row slot 234 includes a first slot
234a, a second slot 234b, and first and second trapping
regions 234c, 234d between the first slot 234a and the
second slot 234b. The first and second slots 234a, 234b
are respectively provided with through holes 234e, 234f,
which communicate with the cylinder bore 232. The
through holes 234e, 234f are formed substantially in the
middle of the first and second slots 234a, 234b. The first
and second slots 234a, 234b are symmetric with each
other about the first and second trapping regions 234c,
234d, and have a shape that is recessed inwards from
the outer circumferential surface of the second section
230b in the cylinder block 230. The first and second trap-
ping regions 234c, 234d correspond to a turning point
between an intake stroke and a discharge stroke.
[0040] The first and second row slots 233, 234 are ar-
ranged such that the first and second trapping regions
233c, 233d of the first row slot 233 have a phase differ-
ence from the first and second trapping regions 234c,
234d of the second row slot 234. The phase difference
is preferably 90 degrees. For example, if the cylinder
block has the cylinder bores in which six piston units are
received, then three rows of slots may be formed. If so,
then the first row slot may have a phase difference of 90
degrees from the second row slot, while the second row
slot may have a phase difference of 90 degrees from the
third row slot. The first row slot may have the same phase
difference as the third row slot. As another example, the
first, second and third row slots may be formed to have
a phase difference of 60 degrees from each other.

[0041] The number of rows of slot is the same as the
number of through holes. That is, as shown in FIGS. 13
and 14, the first row slot 233 is formed to correspond to
the through-holes 221 a, 222a, while the second row slot
234 is formed to correspond to the through-holes 221b,
222b. Further, the number of rows of slot or the through-
holes corresponds to 1/2 of the number of cylinder bores.
For example, if the number of cylinder bore is six, then
it may be configured such that three rows of slots are
provided, wherein three through-holes are provided in
the side of the inlet port and three through-holes are pro-
vided in the side of the outlet port.
[0042] Hereinafter, the operation of the compressor
200 according to the embodiment of the present invention
will be described. Here, the description will be made, pro-
vided that the driving shaft 260 rotates in a counterclock-
wise direction, so that if the rotating direction of the driving
shaft 260 is clockwise, then the operation should be un-
derstood to be carried out oppositely.
[0043] When a rotating shaft 271 of the motor 270 ro-
tates, the driving shaft 260 coupled to the rotating shaft
271 rotates in the same direction as the rotating direction
of the rotating shaft 271. Further, the driving shaft 260
rotates relative to the cam element 250 and rotates to-
gether with the cylinder block 230. The cylinder block 230
is rotatably supported by the bearing 220a and rotates
relative to the valve plate 220. As the cylinder block 230
rotates, the piston units 240 disposed within the cylinder
bores 232 rotate along a cam surface of the cam element
250.
[0044] When the piston unit 240 moves along a rising
section 253 from a stop portion 251a of a bottom dead
center 251, the piston unit 240 moves away (e.g., in a
forward direction) from the cam element 250 to carry out
a compression stroke and a discharge stroke. If the piston
unit 240 moves forwards, then a working fluid in the cyl-
inder bores 232 is compressed. The compressed working
fluid is discharged towards the outlet port 222 when the
through holes 233e, 233f of the first row slot 233 are
located at the through-hole 222a of the outlet port 222 or
the through holes 234e, 234f of the second row slot 234
are located at the through-hole 222b of the outlet port
222. When the piston unit 240 arrives at a stop portion
252a of a top dead center 252, the piston unit 240 stops
performing the compression stroke and the discharge
stroke.
[0045] On the contrary, when the piston unit 240 moves
along a descending section 254 from the stop portion
252a of the top dead center 252, the piston unit 240
moves towards the cam element 250 (e.g., in a backward
direction) to carry out an intake stroke. If the piston unit
240 moves backwards, then the working fluid is sucked
from the inlet port 221 into the cylinder bores 232 when
the through holes 233e, 233f of the first row slot 233 are
located at the through-hole 221a of the inlet port 221 or
the through holes 234b and 23 4f of the second row slot
234 are located at the through-hole 221b of the inlet port
221. When the piston unit 240 arrives at the stop portion
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251a of the bottom dead center 251, the piston unit 240
stops carrying out an intake stroke.
[0046] The present invention described heretofore
should not be intended to be limited to the foregoing em-
bodiment and the accompanying drawings. It will be ap-
parent to those of ordinary skill in the art that various
alternations, variations and modifications may be made
without departing from the scope of the appended patent
claims.

Claims

1. A compressor (200), comprising:

a housing (210);
a valve plate (220) fixed to one end of the hous-
ing;
a cylinder block (230) being rotatable relative to
the valve plate and having a plurality of cylinder
bores (232) disposed in a circumferential direc-
tion,
a plurality of piston units (240) disposed within
the plurality of cylinder bores, respectively;
a cam element (250) fixed to the housing and
being in contact with one end of the piston unit,
the cam element having an inclined cam sur-
face;
a driving shaft (260) coupled to the cylinder block
at one end thereof; and
a motor (270) fixed to an opposite end of the
housing, a rotating shaft (271) of the motor being
coupled to an opposite end of the driving shaft,

characterized by a portion of the cylinder block be-
ing received within the valve plate; wherein the valve
plate includes an inlet port (221) and an outlet port
(222) communicating with an outside, and a plurality
of through-holes (221a and 221b, 222a and 222b)
formed in an inner surface along a lengthwise direc-
tion of the valve plate and communicating with the
inlet and outlet ports, and
wherein the cylinder block includes a plurality of rows
of slots (233, 234) communicating with the plurality
of cylinder bores.

2. The compressor of Claim 1, wherein the number of
rows of the slot is the same as the number of the
through-holes along the lengthwise direction of the
valve plate.

3. The compressor of Claim 2, wherein the number of
rows of the slot is half of the number of the cylinder
bores.

4. The compressor of one of Claims 1 to 3, wherein the
slot includes a trapping region serving as a turning
point between an intake stroke and a discharge

stroke.

5. The compressor of Claim 4, wherein rows of the slots
have phase differences between respective trapping
regions.

6. The compressor of Claim 4 or 5, wherein the slots
are formed symmetrically with each other about the
trapping region.

7. The compressor of one of Claims 1 to 6, wherein the
cam element further includes stop portions located
on a top dead center and a bottom dead center of
the cam surface.

8. The compressor of one of Claims 1 to 7, wherein the
piston unit (240) includes:

a socket (142) formed on one end of the piston
unit; and
a ball (143) disposed within the socket.

Patentansprüche

1. Verdichter (200), umfassend:

ein Gehäuse (210);
eine an einem Ende des Gehäuses befestigten
Ventilplatte (220);
einen Zylinderblock (230), der gegenüber der
Ventilplatte drehbar ist und eine Vielzahl von in
einer umlaufenden Richtung angeordneten Zy-
linderbohrungen (232) aufweist,
eine Vielzahl von jeweils in der Vielzahl von Zy-
linderbohrungen angeordneten Kolbeneinhei-
ten (240);
ein Nockenelement (250), das an dem Gehäuse
befestigt ist und mit einem Ende der Kolbenein-
heit in Kontakt steht, wobei das Nockenelement
eine geneigte Nokkenfläche aufweist;
eine an einem Ende des Zylinderblocks mit die-
sem gekoppelte Antriebswelle (260); und
einen an einem gegenüberliegenden Ende des
Gehäuses befestigten Motor (270), wobei eine
Drehwelle (271) des Motors an ein gegenüber-
liegendes Ende der Antriebswelle gekoppelt ist,

dadurch gekennzeichnet,
dass ein Teil des Zylinderblocks in der Ventilplatte
aufgenommen ist, wobei die Ventilplatte eine Einlas-
söffnung (221) und eine Auslassöffnung (222), die
mit einem Äußeren in Verbindung stehen, und eine
Vielzahl von Durchtrittsöffnungen (221a und 221b,
222a und 222b), die in einer Innenfläche entlang der
Längsrichtung der Ventilplatte ausgebildet sind und
mit den Einlass- und Auslassöffnungen in Verbin-
dung stehen, umfasst, und wobei der Zylinderblock
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eine Vielzahl von Schlitzreihen (233, 234) umfasst,
die mit der Vielzahl von Zylinderbohrungen in Ver-
bindung stehen.

2. Verdichter nach Anspruch 1, wobei die Zahl der
Schlitzreihen der Zahl der Durchtrittsöffnungen ent-
lang der Längsrichtung des Ventiltellers entspricht.

3. Verdichter nach Anspruch 2, wobei die Zahl der
Schlitzreihen der Hälfte der Zahl der Zylinderboh-
rungen entspricht.

4. Verdichter nach einem der Ansprüche 1 bis 3, wobei
der Schlitz einen Fangbereich umfasst, der als ein
Umkehrpunkt zwischen einem Ansaughub und ei-
nem Auslasshub dient.

5. Verdichter nach Anspruch 4, wobei Reihen der
Schlitze zwischen jeweiligen Fangbereichen Pha-
senunterschiede aufweisen.

6. Verdichter nach Anspruch 4 oder 5, wobei die Schlit-
ze um den Fangbereich symmetrisch zueinander ge-
formt sind.

7. Verdichter nach einem der Ansprüche 1 bis 6, wobei
das Nockenelement des Weiteren Anschlagberei-
che umfasst, die sich an einem oberen Totpunkt und
einem unteren Totpunkt der Nockenfläche befinden.

8. Verdichter nach einem der Ansprüche 1 bis 7, wobei
die Kolbeneinheit (240) Folgendes umfasst:

eine an einem Ende der Kolbeneinheit ausge-
bildete Pfanne (142); und
eine in der Pfanne angeordnete Kugel (143).

Revendications

1. Compresseur (200), comprenant :

un boîtier (210);
une plaque de soupape (220) fixée à une extré-
mité du boîtier;
un bloc-cylindres (230) étant tournant par rap-
port à la plaque de soupape et ayant une plura-
lité d’alésages de cylindre (232) disposés dans
un direction circonférentielle;
une pluralité d’unités de piston (240) respecti-
vement disposées dans la pluralité d’alésages
de cylindre;
un élément de came (250) fixé au boîtier et étant
en contact avec une extrémité de l’unité de pis-
ton, l’élément de came ayant une surface incli-
née de came;
un arbre d’entraînement (260) accroché au bloc-
cylindres à une extrémité de celui-ci; et

un moteur (270) fixé à une extrémité opposée
du boîtier, un arbre de rotation (271) du moteur
étant accroché à une extrémité opposée de l’ar-
bre d’entraînement,

caractérisé par
une partie du bloc-cylindres étant reçue dans la pla-
que de soupape, la plaque de soupape comprenant
un port d’entrée (221) et un port de sortie (222) en
communication avec un extérieur, et une pluralité de
trous de passage (221a et 221b, 222a et 222b) for-
més dans une surface intérieure le long d’une direc-
tion longitudinale de la plaque de soupape et en com-
munication avec les ports d’entrée et de sortie, et le
bloc-cylindres comprenant une pluralité de lignes de
rainures (233, 234) en communication avec la plu-
ralité d’alésages de cylindre.

2. Compresseur selon la revendication 1, le nombre de
lignes de rainures étant le même que le nombre de
trous de passage le long de la direction longitudinale
de la plaque de soupape.

3. Compresseur selon la revendication 2, le nombre de
lignes de rainures étant la moitié le nombre d’alésa-
ges de cylindre.

4. Compresseur selon l’une quelconque des revendi-
cations 1 à 3, la rainure comprenant une région d’ar-
rêt servant de point de retour entre une course d’ad-
mission et une course de décharge.

5. Compresseur selon la revendication 4, des lignes de
rainures ayant des différences de phase entre des
régions d’arrêt respectives.

6. Compresseur selon les revendications 4 ou 5, les
rainures étant formées de manière symétrique l’une
par rapport à l’autre autour de la région d’arrêt.

7. Compresseur selon l’une quelconque des revendi-
cations 1 à 6, l’élément de came comprenant en
outre des parties de butée positionnées à un point
mort supérieur et un point mort inférieur de la surface
de came.

8. Compresseur selon l’une quelconque des revendi-
cations 1 à 7, l’unité de piston (240) comprenant :

un logement (142) formé sur une extrémité de
l’unité de piston ; et
une boule (143) disposée dans le logement.
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